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Several recent studies have investigated the eﬀect of
adaptation on orientation discrimination (Cliﬀord, Ma
Wyatt, Arnold, Smith, & Wenderoth, 2001; Dragoi,
Sharma, Miller, & Sur, 2002; Westheimer & Gee, 2002).
It is a point of contention whether orientation discrim-
ination performance is enhanced by adaptation to the
orthogonal orientation. While two of the studies report
enhancements (Cliﬀord et al., 2001; Dragoi et al., 2002),
the third failed to ﬁnd any such evidence (Westheimer &
Gee, 2002). The purpose of this letter is: (1) to highlight
what we see as ﬂaws in the methods used in the latter
study; (2) to explain how these methodological diﬀer-
ences might have led to a failure to ﬁnd an improvement
in orientation discrimination performance following
orthogonal adaptation.
The ﬁnding that orthogonal adaptation improves
orientation discrimination is not peculiar to the authors
of this letter, or to the paradigm originally employed. In
our original experiment (Cliﬀord et al., 2001), we found
that orientation discrimination thresholds for a popu-
lation of observers, na€ıve to the purposes of the study,
improved by 43%. Two experienced subjects showed
improvements of a similar magnitude. The initial ad-
aptation period of 60.0 s was followed by top-up ad-
aptation periods of 5.0 s prior to the presentation of
each test stimulus. The stimuli were sinusoidal gratings
presented in circular apertures positioned left and right
of a central ﬁxation spot. The two gratings were tilted at
h to the vertical and subjects were required to report
which grating appeared to be tilted more clockwise: a
spatial 2AFC judgement.
In a subsequent experiment (M. Pianta and C.W.G.
Cliﬀord, unpublished data), we investigated the dynam-
ics of recovery from adaptation. Each period of adap-
tation lasted 30.0 s. The adapting and test gratings were
both placed at ﬁxation in Gaussian spatial windows.
Observers were required to judge the orientation of a test
stimulus relative to subjective vertical. For orthogonal
adaptation, the slope of the psychometric function was
steepest shortly after cessation of the adapting stimulus.
During recovery from adaptation, the slope of the psy-
chometric function ﬂattened out with an approximately
exponential time course. This pattern of results indicates
an initial enhancement in sensitivity to orientation dif-
ferences around the orthogonal followed by a gradual
return to the less sensitive baseline level.
Using a delayed-match-to-sample task, Dragoi et al.
(2002) found that rapid orthogonal adaptation signiﬁ-
cantly improved psychophysical discrimination in both
human and monkey observers. The stimulus sequence in
each case repeated as follows: target grating, pause,
adapting stimulus, pause, test grating. Thus, the adapt-
ing stimulus was presented between the two stimuli
whose orientations were to be compared. Subjects were
required to report whether or not the test grating had
the same orientation as the target. In the baseline con-
dition, the adapting stimulus was a blank screen. In the
adapted condition, it was a grating orthogonal to the
target. The adaptation duration was 0.4 s, the target and
test stimuli appeared for 0.4 s, and the ﬁrst and second
pauses were 0.8 and 0.4 s, respectively. Following or-
thogonal adaptation, Dragoi et al. (2002) found an im-
provement in orientation discrimination at least as great
as that reported by Cliﬀord et al. (2001), even though
the adapting stimulus was only presented for 0.4 s. This
independent conﬁrmation that orthogonal adaptation
improves orientation discrimination in the context of a
rapid adaptation paradigm shows that the results of
Cliﬀord et al. (2001) generalize beyond the particular
experimental protocols used in the original study.
In contrast to the studies discussed above, Westhei-
mer and Gee (2002) failed to demonstrate that ortho-
gonal adaptation improves orientation discrimination.*Corresponding author.
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Their paper includes an experiment claimed to ‘‘dupli-
cate in all details’’ the stimulus conditions used by
Cliﬀord et al. (2001), yet whose results do not show any
eﬀect of adaptation. However, examination of the
methods used by Westheimer and Gee (2002) reveals
crucial diﬀerences to those used in our study, even in
their Experiment 3 that they claim is a replication of
ours.
In all of Westheimer and Gees (2002) experiments,
the test stimuli were preceded by a vertical reference
stimulus: a temporal 2AFC judgement. The stimulus
sequence in each case repeated as follows: adapt, pause,
reference, pause, test, pause. Experiment 1 used line
stimuli and Experiment 2 used gratings. In both, the
adaptation duration was 1.5 s, the reference and test
stimuli appeared for 0.3 s, and each pause was 0.6 s.
Thus, the adapting stimulus was present for less than
40% of the duration of each cycle. It is not clear that
top-up adaptation periods as short as 1.5 s are suﬃcient
to maintain the visual system in an adapted state when
they represent a small fraction of each stimulus cycle.
Thus, we must seriously question whether their failure to
ﬁnd an eﬀect of adaptation in their ﬁrst two experiments
was not due, at least in part, to a failure to maintain
signiﬁcant adaptation in the visual systems of their
subjects.
To ‘‘assure that adequate adaptation to the ortho-
gonal was sustained throughout all trials’’, Westheimer
and Gee (2002) repeated their Experiment 1 with the
durations of the test and reference stimuli and the pause
between them each reduced from 0.6 to 0.1 s. This ma-
nipulation increases the proportion of each stimulus
cycle during which the adapting stimulus is present.
However, it also greatly increases the salience of ap-
parent motion between the reference and test stimuli.
Given that lower thresholds for relative motion can be
as low as 20 s of arc (Snowden, 1992), the presence of an
apparent motion cue is a serious limitation of the tem-
poral 2AFC approach to measuring orientation dis-
crimination, since the direction of apparent motion is
confounded with the orientation of the test stimulus
relative to the reference. Shortening the pause between
reference and test stimuli only serves to intensify the
problem.
Given their failure to ﬁnd an eﬀect of orthogonal
adaptation on orientation discrimination in Experi-
ments 1 and 2, Westheimer and Gee (2002) designed
their Experiment 3 to be ‘‘in all respect a duplication’’ of
that of Cliﬀord et al. (2001). However, they persisted in
inserting a reference stimulus into the stimulus sequence
prior to presenting the test stimulus, even though they
adopted approximately the same spatial stimulus con-
ﬁguration. The pause between the test and reference
stimuli was a mere 0.05 s, producing an even larger
apparent motion cue than in their Experiment 2. Our
experiment contained no such reference stimulus.
What is the likely eﬀect of including a reference
stimulus between the oﬀset of the adapting stimulus
and the onset of the test stimulus? Dragoi et al. (2002)
found that a grating shown for only 0.4 s followed
by a 0.4 s pause is a powerful adapting stimulus.
The strength of such rapid adaptation is evidenced by
the large reductions in discrimination thresholds they
found. Westheimer and Gee (2002) presented a reference
stimulus for 0.3 s followed by a 0.6 s pause immediately
prior to the test stimulus in their Experiments 1 and 2.
The timing of the adapting stimulus used by Dragoi et al.
(2002) and the reference stimulus used by Westheimer
and Gee (2002) are very similar. It is therefore reason-
able to assume that both serve to adapt the observers
sensitivity to orientation to a similar degree. How-
ever, in Westheimer and Gees (2002) experiment,
this would be adaptation to the reference orientation
rather than adaptation to the notional adapting orien-
tation.
Adaptation to nearby orientations has consistently
been found to impair orientation discrimination (Clif-
ford et al., 2001; Dragoi et al., 2002; Regan & Beverley,
1985) while parallel adaptation has variously been
found not to aﬀect orientation discrimination (Barlow,
Macleod, & van Meeteren, 1976), or to produce im-
provements in discrimination smaller than those for
orthogonal adaptation (Cliﬀord et al., 2001; Regan &
Beverley, 1985). Thus, rapid adaptation to the reference
orientation in Westheimer and Gee (2002) experiments
would be expected to attenuate or abolish any en-
hancements in diﬀerential orientation sensitivity pro-
duced by orthogonal adaptation.
Westheimer and Gee (2002) suggest that the im-
provements in orientation discrimination performance
following orthogonal adaptation that we reported
(Cliﬀord et al., 2001) might be due to perceptual learn-
ing. However, we used a counterbalanced experimental
design to control for any eﬀect of perceptual learning in
the na€ıve subjects. The performance of the two experi-
enced observers also improved to a similar degree. Thus,
the improvements that we found cannot reasonably be
attributed to perceptual learning.
In summary, we suggest that Westheimer and Gee
(2002) failed to ﬁnd an enhancement in diﬀerential
orientation sensitivity following orthogonal adaptation
for the following reasons. First, they failed to ensure
that signiﬁcant adaptation to the orthogonal was ade-
quately maintained. Second, the inclusion of a refer-
ence stimulus directly preceding the test would be
expected to induce rapid adaptation to the reference
orientation rather than to the orientation of the no-
tional adapting stimulus. Their failure to replicate the
results of Cliﬀord et al. (2001) thus appears unsur-
prising given their failure to replicate the experimental
conditions and the introduction of these two method-
ological ﬂaws.
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